This study examines age differences in the relationship between memory for items and memory for the spatial location of items. Young (Mage = 17 years) and elderly (M age = 68 years) adults studied a spatial display that included 16 items in specific locations. The items were either small objects or the one-word verbal label for each. Two tests followed to independently assess free recall of the items and the accuracy of spatial relocation. The young adults were more accurate on both tests. This finding was consistent for both verbal and visual items. The age differences in memory are explained in terms of age differences in encoding and rehearsal strategies. This study resolves, in part, the conflicting results regarding age differences in spatial memory accuracy reported by Perlmutter, Metzger, Nezworski, and Miller (1981) and by McCormack (1982) .
Few researchers have investigated age trends in spatial memory, despite numerous anecdotal examples of the importance of spatial memory in everyday functioning. Examples of spatial memory include remembering where a specific article is in the newspaper, finding items around the house, and remembering where buildings are geographically located. Researchers know little about the effects of aging on these processes. Mandler, Seegmiller, and Day (1977) and Underwood (1969) reported that when items in particular locations are learned, their spatial locations are automatically encoded with memory for the items. Hasher and Zacks (1979) suggested that (a) spatial memory is an "automatic" process as compared with item memory, which is "effortful," and (b) automatic tasks do not vary with age whereas effortful tasks do. Two recent studies test this developmental prediction. McCormack (1982) supported Hasher and Zacks's (1979) prediction. Young (17-31 years) and elderly (61-74 years) adults learned a series of words and their spatial locations on cards (four words were arranged vertically on I thank Edward Teyber, Joellen Hartley, Alan Hartley, and Leah Light for their critical comments on this article. I also thank Robert Bennett for his assistance collecting data.
Requests for reprints should be sent to Kathy Pezdek, Psychology Department, Claremont Graduate School, Claremont, California 91711. each card in Experiment 1; each word was presented alone on a card in one of the four quadrants in Experiment 2). The young adults recalled more words than the elderly adults, but there was no significant difference in the accuracy of location memory. Perlmutter, Metzger, Nezworski, and Miller (1981) , however, reported the opposite effect. Their young (18-24 years) and elderly (60-69 years) adults studied a picture that included eight buildings drawn on a map-like spatial display. In a subsequent memory test the young adults correctly relocated significantly more of the buildings (57.9%) than the older adults (47.4%). No item memory test was included for comparison. Thus, the question still remains: Does spatial memory decline with age, and can differences between the two sets of results reported above be resolved?
Two factors are proposed to account for the difference in results obtained by McCormack (1982) and Perlmutter et al. (1981) . First, different types of stimulus items were used in the two studies. The stimuli in the McCormack study were typed words. The stimuli in the Perlmutter et al. study were drawings of buildings. Pezdek and Evans (1979) reported that memory for location information is more accurate for verbal than for visual aspects of stimuli. Further, greater age differences between young and elderly adults have been reported on visual/nonverbal tasks than on verbal tasks (Arenberg, 1978; Elias & Kinsbourne, 1974; Weschler, 1958 A second factor that might account for the conflicting results in the two studies is the different types of tasks used. In McCormack's (1982) task, there were no obvious mnemonic or organizational strategies for rehearsing where each word was located on the card. In fact, incidental versus intentional instructions to learn location had no effect on memory for location in Experiment 1. On the other hand, with the task used by Perlmutter et al. (1981) , elaborative strategies for rehearsing locations were readily available (e.g., "the church is alone on a street on the right," "the house is at the fork in the road"). This suggests that location memory in McCormack's task might have been automatic, but location memory in the Perlmutter et al. task might have been a function of the extent to which appropriate rehearsal strategies were employed. Because use of effective rehearsal strategies is known to decline with older adults (Perlmutter, 1978; Sanders, Murphy, Schmitt, & Walsh, 1980; Zacks, 1982) , the difference in the tasks in the above two studies could explain the conflicting findings.
The present study examines rehearsal and organizational strategies used by young and elderly adults in a spatial memory task for verbal and visual stimuli. The task allows independent assessments of memory for items and memory for item location. Subjects were presented a three-dimensional display that included 16 items in specific locations. Subjects studied the display and then, after an intervening task, free recalled the items. After the free-recall test, subjects returned to the empty display and were asked to relocate all 16 items. Item recall and item location accuracy were recorded.
Several experimental manipulations were included to more specifically compare spatial memory processes of young and elderly adults. The items presented were either objects (i.e., common household objects and small toys) or the one-word verbal labels for these same objects. This manipulation tests whether the difference in results reported by McCormack (1982) and Perlmutter et al. (1981) might be explained by differences in the stimulus items used. Including both verbal and visual stimuli in one study also tests whether age differences in memory for items and memory for item locations are attributable to differences in the efficiency of more general verbal and visual processing.
Two variables were included to test for age differences in specific rehearsal and organizational strategies. The display included items that were phonologically similar or physically similar, and the items were either blocked or randomly organized. If subjects use organizational strategies and rehearse related items together, then memory should be better in the blocked than in the random organization condition. Further, it was predicted that verbal rehearsal strategies would be facilitated by phonological similarity among items and imaginal rehearsal strategies would be facilitated by physical similarity among items. Thus, if there are age differences in the use of verbal versus imaginal rehearsal strategies, it should be reflected in memory performance differences between the phonologically versus the physically similar items.
Method

Subjects
One hundred and twelve adults were selected from each of two age groups. The young adults were high school juniors and seniors who volunteered from classes at a large public high school in San Bernardino, California (M age = 17; range = 15-18). The elderly adults volunteered from the San Bernardino chapter of the American Association of Retired Persons (M age = 68; range = 62-75). The elderly adults all reported that they were active and in good health. Approximately equal numbers of males and females participated in each condition.
Materials
The spatial display was a 6 X 6 matrix composed of 36 squares, 7.6 cm 2 each. Sixteen squares were randomly selected for the placement of stimulus items, with the restriction that four items were placed in each quadrant of the matrix. The specific locations used were the same in all conditions of the experiment. Items were presented in the same orientation relative to the subjects throughout the experiment.
Two sets of 16 items each were used as stimuli. All items were common household objects and small toys. Each set included four categories of four items each. In the physically similar sets, the four categories were based on physical similarities among items. The physically similar items were the following: toothpick, toy ski, nail, toy knife (long thin items); wheel, penny, button, ring (round items); dice, block, matchbox, bubblegum (square items); and lipstick, crayon, mini-flashlight, doll leg (cylindrical items).
In the phonologically similar sets, the four categories were based on phonological similarities among items. The phonologically similar items were the following: bee, tree, tea, key; clock, block, sock, rock; bear, pear, chair, hair; and cat, bat, hat, rat. Stimuli were presented as, objects or verbal labels for these objects. The verbal labels were oneword names for the objects, each handprinted on a card 7 cm X 2 cm, which covered approximately the same surface area as the average size object.
The items were placed on 16 squares in the display organized in a blocked or random fashion. In the blocked condition, the four items in each category were placed on selected locations in the same quadrant. In the random condition, the 16 items were arranged on the display such that one item from each category was placed in each quadrant.
Design
The study used a four-factor independent-groups design. The factors were age (young vs. elderly adults), stimulus set (physically vs. phonologically similar), modality of items (visual vs. verbal) , and organization of items on the display (blocked vs. random). The two dependent variables were free recall of items and item relocation accuracy.
Procedure
Subjects participated individually. In the study phase, subjects were seated at a table and viewed the stimulus display for 1 minute. They were instructed to study the display carefully as they would be tested afterward. Each subject was then moved to another table for the intervening task. This task involved circling all of the number 3s on a random number sheet for 3 minutes. The intervening task was included to insure that both tests measured retention from long-term memory.
The test phase consisted of a free-recall test followed by a spatial-relocation test. The experimenter first asked each subject to recall all of the items he or she had seen in the display and to write them on a sheet provided. The recall test was terminated when the subject indicated that he or she was finished. Subjects then returned to the original display matrix, from which the items had been removed. They were asked to place each item in the square where it had been in the first part of the experiment. Subjects were free to move the items around until all 16 items were located as accurately as they could remember. This task was subject paced with a maximum time of 5 minutes.
Results
The principal dependent measures were the mean number of items correctly recalled and the mean item relocation accuracy. Because the recall and relocation tests were conducted separately, they provided independent measures of item and location memory. The accuracy of item relocation was measured in terms of relocation displacement error,. that is, using a city block metric-the number of squares that each item was displaced horizontally and vertically from the correct square. A correctly relocated item received a score of zero (i.e., no displacement error). The maximum relocation error was 10 (i.e., if the item was relocated on the opposite diagonal square). Relocation accuracy was also measured by (a) the number of items relocated on the correct square (without regard to the size of the error for incorrectly replaced items), and (b) the number of items relocated in the correct quadrant (without regard to the correct position within the quadrant). Analyses of these two measures were largely redundant with analysis of the relocation displacement error and are not reported here.
An analysis of variance (ANOVA) was performed on each dependent variable. The analyses included four between-subjects factors, age (young vs. elderly adults), item type (visual vs. verbal), stimulus set (physically vs. phonologically similar), and organization of the items on the display (blocked vs. random).
The analysis of free recall data resulted in four significant main effects but no significant interactions. As predicted, the young adults recalled more items (M = 9.33) than the elderly adults (M = 5.95), F(l, 208) = 106.96, MS, = 5.96, p < .01. Subjects recalled more visual objects (M = 9.09) than verbal labels (M = 6.18), F( 1, 208) = 79.56, p < .01. More items were recalled from the phonologically similar set (M = 8.08) than from the physically similar set (M = 7.19), F(l, 208) = 7.49, p < .01. And more items were recalled in the blocked (M = 8.02) than the random (M = 7.26) organization condition, F(l, 208) = 5.28, p < .05. These data are presented in Table 1 .
Several interesting effects resulted from the analysis of the relocation data. These data are presented in Table 1 . Young adults were more accurate (M relocation displacement error = 1.45) than elderly adults (Af=2.16), F(l, 208) = 57.39, MS, = .49, p < .01. Objects (M = .98) were more accurately relocated than verbal labels (M = 2.63), F(l, 208) = 308.86, p < .01. Items were more accurately relocated in the blocked (M = 1.71) than in the random (M = 1.90) condition, F(l, 208) = 3.87, p < .05. Also, the Age X Organization interaction was significant, F(l, 208) = 4.46, p < .05. As can be seen in Table 1 , for the young adults relocation memory was more accurate when the items were blocked than when they were randomly organized. For the elderly adults relocation accuracy was similar in the blocked and random organization conditions. An additional analysis was conducted specifically to compare age differences in the relationship between memory for items and memory for their spatial locations. The relocation displacement error for recalled versus not recalled items was compared. The ANOVA reported above on displaced relocation error was repeated with the recalled versus not recalled variable included as a within-subjects factor. Because this analysis is partially redundant with the analysis of the relocation data reported above, only the results involving age and the recall factor will be reported here.
Recalled items (M relocation displacement error = 1.41) were more accurately relocated than items not recalled (M = 2.16), F(\, 208) = 118.98, MS e = .52, p < .01, and this factor interacted with age, F(l, 208) = 9.36, p < .01. As can be seen in Table 2 , the difference in relocation accuracy between the younger and elderly adults was greater for items recalled than for those not recalled. The Age X Item Type X Recall Factor interaction was also significant, F(l, 208) = 4.04, p < .05. The size, but not the direction of the Age X Recall Factor interaction, varied with item type.
Discussion
The discussion focuses primarily on two issues: (a) does spatial memory decline with age, and (b) how can the conflicting findings of McCormack (1982) and Perlmutter et al. (1981) be resolved?
First, spatial memory does decline with age for adults. There were sizable differences between the young and elderly adults in item relocation accuracy. This finding is consistent with that reported by Perlmutter et al. (1981) but runs counter to both McCormack's (1982) report of no age differences in spatial memory accuracy and Hasher and Zacks's (1979) notion that spatial memory is automatic and automatic processes do not vary developmentally.
How can the conflicting results of McCormack and Perlmutter et al. be resolved? One factor that might account for the conflicting findings in the two studies is the difference in stimulus items. To test this explanation, both visual and verbal items were included in the present study. No Age X Item interactions resulted. For both age groups, visual objects were more accurately recalled and relocated than verbal items. This finding is consistent with a recent report by Winograd, Smith, and Simon (1982) supporting the picture superiority effect for both young and elderly adults. Thus, the conflicting results of McCormack and Perlmutter et al. can not be reconciled on the basis of the stimulus item differences. A second factor proposed to account for the conflicting results in the previous two studies is the difference in the tasks used and the resulting rehearsal strategies available to subjects. To test this explanation, the items in the present study were organized in a blocked or random fashion. If subjects were systematically rehearsing related items together as they studied the display, then the display would be better retained in the blocked than in the random condition. As can be seen in Table 1 , both young and elderly adults recalled more items in the blocked than in the random condition. However, a different pattern of results was obtained with the relocation measure. The young adults were more accurate relocating items in the blocked than in the random condition. However, the elderly adults were overall less accurate relocating items than were the young adults, and their accuracy was not affected by the organization of the display. This age difference in the effect of organization on relocation accuracy also resulted when relocation memory was measured simply in terms of the number of items relocated in the correct quadrant. These relocation results suggest that the elderly adults were not systematically encoding the display and rehearsing related items together. In addition, the young adults not only recalled more items than the elderly adults, they also more accurately relocated the items recalled. These results (see Table 2 ) further suggest that the younger adults were using more effective strategies that resulted in more complete memory for aspects of the display.
These results suggest that the difference in results obtained by Perlmutter et al. (1981) and McCormack (1982) can be accounted for, at least in part, by the differences in the extent to which rehearsal strategies were involved in the two tasks. In the present study, which used a task more similar to Perlmutter et al.'s task, age differences in spatial memory resulted. Hasher and Zacks's (1979) automatic versus effortful processing distinction does not appear to be a useful one for predicting developmental differences in cognitive processing. More accurate developmental predictions can be derived based on the distinction between tasks that require effective strategy use versus those that do not (Brown, 1975) .
Two variables were included in the present study to test whether age differences in memory for items and their locations were related to age differences in the use of verbal versus imaginal rehearsal strategies. A number of studies have indicated that performance on visual/nonverbal tasks declines with age for adults more than does performance on verbal tasks. However, these results have been reported primarily on the basis of performance tasks such as category matching (Elias & Kinsbourne, 1974) , mental rotation (Berg, Hertzog, & Hunt, 1982) , and standardized tests (Arenberg, 1978) . The present study, in contrast, used an episodic memory task. The fact that both young and elderly subjects recalled more visual than verbal items suggests that the visual superiority effect (cf. Posner, Nissen, & Klein, 1976) operates throughout adulthood. Further, the effect of physical versus phonological similarity in the stimulus sets did not interact with any other variables, including age, on either the recall or the relocation measure. It should be noted that the manipulation of physical and phonological similarity may not have been equally obvious bases for organization. Thus, the results involving this variable may have been confounded with strength of organization within the stimulus sets. Nonetheless, the suggestion that elderly adults are more likely to encode items verbally whereas young adults are more likely to encode visual features of items is not supported.
The findings of this study generalize to reallife experience. The results suggest that aging affects both memory for items and memory for spatial location. Elderly adults recalled fewer items from the display than young adults and were less accurate in spatially locating all items including those that they could recall. These results bring into question the usefulness of the automatic versus effortful distinction for predicting developmental differences in cognitive processing.
